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ABSTRACT 

Planar cell polarity (PCP) is the uniform orientation and 
alignment of a group of cells orthogonal to the apical-basal 
axis within a tissue. Originally described in insects, it is now 
known that PCP is required for many processes in vertebrates, 
including directional cell movement, polarized cell division, 
ciliary orientation, neural tube closure, heart development and 
lung branching. In this review, we outline the evidence impli- 
cating PCP in kidney development and disease focusing ini- 
tially on the function of PCP in ureteric bud branching and 
elongation. We then describe how defects in PCP may lead to 
polycystic kidney disease and discuss a newly identified role 
for PCP in the kidney filtration barrier. 

Keywords: cell alignment, glomerular filtration barrier, 
kidney development, polycystic kidney disease, ureteric bud 
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For tissues and organs to function correctly, co-ordinated behav- 
iour between groups of cells is required. Planar cell polarity 
(PCP) is the uniform orientation and alignment of a group of 
epithelial cells orthogonal to the apical-basal axis within a tissue 
[1]. PCP was originally described in the hairs and bristles on the 
wings of Drosophilia but there has been an explosion of recent 
work showing that PCP is also important in vertebrates. It is 
now known that PCP is required for vertebrate processes includ- 
ing directional cell movement [2], polarized cell division [3], 
ciliary orientation [4], neural tube closure [5], heart development 
[6] and lung branching [7]. In this review, we describe the im- 
portance of PCP in kidney development and disease focusing 
initially on the function of PCP in tubular formation and cystic 
disease and then discussing a potential role for PCP in the 
kidney glomerulus. 
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COMPONENTS OF THE PCP PATHWAY 

The process of PCP is largely controlled by two groups of pro- 
teins referred to as the 'core' planar polarity pathway and the 
Fat/Dachsous (Ds) system [1, 8]. Genetic studies in mice have 
revealed that both pathways affect much more than the planar 
organization of cells and are in fact better thought of as signal- 
ling pathways allowing cells to make directed changes in the 
cytoskeleton that are co-ordinated both locally and globally. 
It is still not fully understood whether the core PCP proteins 
and Fat/Ds system function as a single linear pathway or two 
parallel ones [9]. The core set of PCP proteins (Figure 1) 
mediate the local polarity of groups of cells and consists of the 
transmembrane proteins Vangll and Vangl2 (homologues of 
Drosophila Van Gogh), Celsrl, -2 and -3 (homologues of Dros- 
ophila Flamingo) and the Wnt receptors, Frizzled (Fz) [1, 8]. 
Other components of the PCP core are the cytoplasmic pro- 
teins Dishevelled (Dvll, -2 and -3) and Prickle (Pkl and Pk2) 
[1, 8]. When activated, for example by the actions of Wnt 
ligands most often associated with non-canonical pathways 
such as Wnt5a, Wnt7b, Wnt9b and Wntll, the components 
of the PCP core form complexes that are asymmetrically dis- 
tributed at either the proximal or distal cell membrane. Some 
of the components of the 'core' PCP pathway (Fz and Dvl) are 
also involved in the canonical ((3-catenin) Wnt signalling 
cascade, which regulates cell proliferation and differentiation 
[10]. The role of canonical Wnt signalling in kidney develop- 
ment and disease has been reviewed recently [11, 12]; hence, 
we will focus on the less well-studied PCP pathway in this 
article. 

The role of the Fat/Ds system in PCP is well established in 
flies but less so in vertebrates. The Fat/Ds system includes the 
atypical cadherins Fat 1-4 (paralogs of Drosophila Fat) and 
Dchsl-2 (orthologues of Drosophila Ds) that preferentially 
bind to each other at the cell surface [8] . Unlike the core PCP 
proteins, which are asymmetrically distributed, Fat and Ds are 
a receptor-ligand signalling complex which is modulated by 
four-jointed (Fj), a Golgi-associated kinase, that phosphorylates 
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FIGURE 1 : The 'core' PCP proteins. The core set of PCP proteins consists of the transmembrane proteins Vangll, Vangl2, Celsrl, -2 and -3 
and the Wnt receptors, Frizzled (Fz) and the cytoplasmic proteins Dishevelled (Dvll, -2 and -3) and Prickle (Pkl and Pk2). The core PCP pro- 
teins exert their effects via members of the Rho GTPase family, c-Jun kinase and dishevelled-associated activator of morphogenesis (Daaml), 
which regulates the polarization of the cytoskeleton. Other genes have also been implicated in PCP, for example the cytoplasmic protein Scribble 
which genetically interacts with the core PCP protein Vangl2. 



and thus alters the binding affinity of Fat and Ds for each 
other [13]. Fj is expressed in a graded pattern in many tissues, 
resulting in graded activity of Fat and Ds and the suggestion 
that this system may regulate global polarity [8] . The core PCP 
and Fat/Ds systems exert their effects via downstream effectors 
such as the intracellular proteins fuzzy, inturned and fritz [8] 
and signalling molecules including members of the Rho 
GTPase family (RhoA, Racl and Cdc42), c-Jun kinase and 
dishevelled associated activator of morphogenesis (Daaml). 
Other genes have also been implicated in PCP, for example the 
cytoplasmic protein Scribble which genetically interacts with 
the core PCP protein Vangl2 [14, 15]; mutations in Scribble 
lead to classical PCP phenotypes including neural tube defects 
[15] and impaired lung branching [14]. 



PCP PROTEINS REGULATE TUBULAR 
BRANCHING AND ELONGATION IN THE 
DEVELOPING KIDNEY 

The formation of the mammalian kidney is initiated around 
the fifth week of human gestation and embryonic day 11 (Ell) 
in mice when the ureteric bud branches out from the 
mesonephric duct and invades the surrounding metanephric 
mesenchyme [16, 17]. The ureteric bud then undergoes 
branching morphogenesis to form a highly complex, tree-like 
system of tubes that make up the renal collecting duct system 
of the mature kidney [16, 17]. The metanephric mesenchyme 



contains a self-renewing, pluripotent progenitor cell popula- 
tion that proliferates and covers every new ureteric bud. After 
each round of branching, a subpopulation of mesenchymal 
cells undergo mesenchyme-to-epithelium transition forming a 
primitive epithelial structure known as the renal vesicle [16, 
17]. The renal vesicle will undergo extensive morphogenesis to 
form the future nephron consisting of glomeruli and proximal 
tubules. Tubular branching involves several processes in which 
PCP signalling has been implicated including cytoskeletal re- 
organization, directed cell movement and oriented cell div- 
ision, which ultimately establish tubular diameter, length and 
shape [16]. The tubules then elongate through another process 
involving PCP called convergent extension which has been ex- 
tensively studied in Drosphilia [18]. Analogous to the visceral 
endoderm of vertebrates [19], the kidney cells become orga- 
nized in groups (rosettes) during the process of convergent ex- 
tension. These groups of cells then elongate mediolaterally and 
move directionally to intercalate with neighbouring cells [20]. 
This change in shape and movement results in convergence of 
the cells towards the midline and elongation of the tissue 
along the antero-posterior axis. 

In the kidney, many of the core PCP components are ex- 
pressed in developing tubular epithelia, although whether they 
are asymmetrically localized is less well understood. In situ hy- 
bridization showed Celsrl-3 transcripts localized to the ureter- 
ic bud in mice at E14 [21]. Later in development, at E18.5, 
Celsrl protein is expressed in collecting duct stalks and prox- 
imal tubules [22]. Vangl2 is also expressed in the ureteric bud 



PCP and the kidney 



1321 



[23] and to gain insights into the role of this molecule in 
kidney development we examined ureteric bud branching in 
metanephroi obtained from mice with a spontaneous homozy- 
gous mutation in Vangl2 (Vangl2 Lp/Lp ; Looptail) [22]. By 
E13.5 Vangl2 Lp/Lp mice contained significantly fewer ureteric 
branch tips than wild-type littermates [22]. E13.5 and E18.5 
Vangl2 Lp/Lp kidneys were also smaller than wild-type litter- 
mates [22], especially in their antero-posterior axis with a 
lower length/width ratio. Knock-out mice of other PCP genes 
(Dchsl, Fat4 and double mutants for both Fz4 and Fz8) also 
have impaired ureteric bud branching compared with wild- 
type littermates and smaller kidneys at birth [24, 25]. In add- 
ition, mice with mutations in Wnt ligands thought to signal 
through the PCP pathway (Wnt7b, Wnt9b and Wnt 11) also 
exhibit ureteric bud branching defects [26-28]. Wnt9b also 
plays a role in tubular elongation, with mice lacking this gene 
specifically in their tubules demonstrating reduced complexity 
of rosettes [20]. The link between PCP and tubular elongation 
was further strengthened through studies inhibiting PCP sig- 
nalling during tubular elongation in Xenopus [20]; this dis- 
rupted rosette topology and was accompanied by a reduction 
in nephron elongation and tubular diameter [20]. Finally, a 
recent study in Xenopus showed that morpholino knock-down 
of Daaml led to reduced tubular branching in pronephric 
proximal segments; Daaml knock-down had no effect on pro- 
liferation and apoptosis suggesting the phenotype was due to 
changes in differentiation and morphogenesis [29]. Knock- 
down of WGEF, a Rho-GEF that associates with Daaml also 
altered tubular morphogenesis [29] in Xenopus. Furthermore, 
zebrafish with Daaml knock-down exhibited phenotypes with 
defective convergence-extension and convoluted tubules [29] . 

What could be the potential mechanisms by which PCP 
genes alter ureteric bud branching? The most likely explan- 
ation is that the phenotype seen in Looptail mice is due to an 
intrinsic defect in ureteric bud epithelia which express Vangl2. 
This could be tested by deleting Vangl2 specifically in the ur- 
eteric bud tips. Making parallels with the role of Vangl2 in 
lung branching [7], it could be speculated that the kidneys of 
Vangl2 Lp/Lp mice have deficiencies in the actin cytoskeleton 
impairing cell motility and subsequently causing abnormal ur- 
eteric bud branching. Recent studies have shown that Looptail 
mice do not only have changes in Vangl2, but also other PCP 
genes, namely Vangll and Pk2 [30], which may contribute to 
the phenotypes observed in these mice. Therefore, future 
studies need to use Cre-loxP technology to pin point the 
precise functions of specific PCP genes in tubular branching. 
Fz4 and Fz8 also are expressed in the developing ureteric buds 
as early as Ell. 5 and subsequently in tubular epithelia [25]. In 
contrast, the effect of Dchsl and Fat4 on ureteric bud branch- 
ing is likely to be indirect as the expression of these genes was 
found to be expressed in mesenchyme rather than epithelium 
[24]. However, to-date the molecular mechanisms underlying 
the defects in ureteric bud branching seen in Dchsl and Fat4 
mutant mice are currently unknown. 

Defective ureteric bud branching can subsequently lead to 
reduced nephron numbers, as fewer ureteric bud tips are avail- 
able to induce mesenchymal cells to differentiate into ne- 
phrons [31]. As homozygous Looptail mice die at birth, we 



examined heterozygous Vangl2 Lp/+ mice at 4 weeks of age and 
demonstrated that they had a modest but significant reduction 
in nephron numbers compared with wild-type littermates 
[22]. This may have important clinical implications as prior 
studies have shown that low nephron numbers per kidney cor- 
relate with systemic hypertension in Caucasian subjects [32]. 
A deficiency in nephron numbers can also lead to microalbu- 
minuria in mice [33]; however we did not observe changes in 
urinary albumin in Vangl2 Lpl+ 4-week-old mice [22]. It would 
be of interest for further studies to be performed examining 
nephron numbers ideally using detailed stereology or injection 
of cationized ferritin [34] and determining the possible asso- 
ciations with albuminuria and blood pressure in older Vangll 
+ mice and other PCP mutants. If a link between PCP and 
glomerular number is firmly established then mutations in PCP 
genes may be a potential explanation for the large degree of 
variability in glomerular numbers seen in the human popula- 
tion with normotensive individuals having between 1 and 
2 x 10 6 glomeruli per kidney [32] and for chronic kidney 
disease currendy attributed to 'small kidneys' undergoing 
hyperfiltration [35]. 



DEFECTIVE PCP AND POLYCYSTIC KIDNEY 
DISEASE 

The logical extension from the finding that PCP regulates 
tubular branching and elongation is that defects in PCP pro- 
teins may occur in situations where tubular shape is altered. 
Indeed, several studies have implicated changes in PCP pro- 
cesses in polycystic kidney diseases (PKD); conditions where 
multiple fluid-filled tubules expand causing a loss of normal 
kidney structure leading to morbidity, renal failure and death 
from before birth through adulthood [36]. Autosomal domin- 
ant (AD)PKD is common, affecting 1 in 800 people and is 
caused by mutations in the polycystin (PKD1 and PKD2) 
genes [36]. Cysts can occur early in life with ADPKD but 
mostly it is a disease of middle to later ages. In contrast, auto- 
somal recessive (AR)PKD (1:20 000 births) is characterized by 
the formation of multiple cysts often during the second half of 
gestation which can cause problems at birth or during child- 
hood; here the mutated gene is PKHD1, coding for fibrocystin 
[37]. PKD is often referred to as a ciliopathy because PKD1, 
PKD2 and PKHD1 localize to the primary cilia/basal body 
[37, 38], a microtubular structure which extends from apical 
membranes into tubular lumina and acts as a flow sensor [39]. 

Fischer et al. [40] demonstrated that PCP processes may be 
involved in PKD by observing that distortions in mitotic or- 
ientations occurred in pck rats, a model of ARPKD. It was pro- 
posed that the defect in mitotic orientations led to a failure to 
regulate tubular size, leading to dilatation and cyst formation. 
In support of this finding, mice that lack Pkdl in their distal 
tubule segments also have defects in orientated cell division in 
kidney tubules [41]. Critical to the process of mitotic cell div- 
ision is the primary cilium, and loss of the ciliary proteins 
Ift88 and inversin leads to defects in mitotic spindle orienta- 
tion and thus defective orientation of cell division [42, 43]. 
Whether the disruption of orientated cell division actually 



1322 



E. Papakrivopoulou et al. 



drives the pathophysiology of PKD is unclear. Some studies 
have indicated that changes in orientated cell division occur 
prior to tubular dilation and cyst formation [40, 41]. In con- 
trast, other investigations using Pkhdl dd4/del4 mice which have 
a mutation in Pkhdl; but do not subsequently develop cysts 
demonstrated that these mice still lost orientated cell division 
in their renal tubules [44]. The same group showed that fol- 
lowing kidney-selective inhibition of either Pkdl or Pkd2 the 
orientated division prior to cyst formation was normal and 
only lost once tubular dilation began [44]. The discrepancies 
between these studies could be due to the different animal 
models used or time points and methods used to evaluate or- 
ientated cell division. 

The importance of PCP signalling in cystic disease was 
highlighted by the finding that inversin acts as a molecular 
switch leading to the dampening of canonical Wnt signalling 
and the promotion of PCP signalling [45] . This alteration in 
signalling is critical for normal kidney development [45] and 
patients with mutations in inversin develop nephronophthisis 
type II, an autosomal recessive cystic kidney disease [46]. 
Changes in PCP protein expression also occur in PKD animal 
models with the cystic kidneys of Pkdl mice containing upre- 
gulated levels of Frizzled-3 and its downstream effector Cdc42 
[41]. Furthermore, some animal models with disrupted PCP 
proteins develop PKD. Fat4 mutant mice develop cystic 
kidneys with abnormal orientated cell division and tubular 
elongation [47]; the phenotype of these animals was also exag- 
gerated in Fat4 mutants with a haploinsufficiency of Vangl2. 
Loss of Wnt9b in mice also leads to cyst formation [28] with 
the mutant tubules having defective convergent extension [20, 
28]. Finally, zebrafish with morpholino knock-down of Pkl 
develop renal cysts and basal body disorganization [48]. 
However, disruption of other PCP proteins may not lead to 
cyst formation; for example in fetal Vangl2 Lp/Lp or 1 -month 
old Vangl2 Lp/+ mice [22] . This is a striking observation as the 
Looptail mutant effect encompasses not only Vangl2, but also 
the function of other PCP proteins including Vangll and Pk2 
[30]. PCP proteins have also been shown to play a direct role 
in cilia function with Vangl2 [49], Fat4 [47] and Fuzzy [50] all 
localized to the cilia basal body. Vangl2 can control the orien- 
tation of motile primary cilia [4, 51], and zebrafish with 
Vangl2 knock-down have defects in mitotic spindle orienta- 
tion and fewer ciliated cells [52]. Fuzzy is involved in the as- 
sembly of primary cilium by controlling the localization of the 
key cilia regulator, Rab8 [50] . The effect of PCP genes on cilia 
may provide an explanation as to why Vangl2 Lp/+ fail to 
develop cysts; cilia number or orientation were not evaluated 
in these studies [22] and subtle changes in cilia function may 
result in cystic kidneys at later time points. 



PCP IN PODOCYTE BIOLOGY 

Podocytes are specialized epithelia which, together with the 
glomerular basement membrane and glycocalyx on adjacent 
endothelia, constitute the size and charge- selective filtration 
barrier in the mammalian kidney [53]. During glomerular de- 
velopment, podocytes undergo dramatic changes in cell 



morphology. Initially, they are columnar cells connected lat- 
erally by tight junctions, whilst in their differentiated state they 
become highly branched and polarized with foot processes 
interdigitating to form a junctional complex called the slit dia- 
phragm [54], which retains circulating macromolecules such 
as albumin. The branched morphology is essential for podo- 
cyte function within the glomerulus and if this is disrupted it 
leads to foot process effacement and proteinuria [55]. The de- 
velopment and maintenance of podocyte structure involves 
cytoskeletal reorganization [55] leading to the idea that PCP 
signalling might play a role in maintaining podocyte architec- 
ture. 

Several studies have shown that podocytes express PCP 
genes. In culture, proliferating and differentiating conditionally 
immortalized mouse podocytes have been shown to express 
transcripts for the PCP genes Celsrl, Dvl2, Mpkl, Mpk2, Scrib, 
Vangll and Vangl2 [22, 56] DAAM1, DVL2, PK1 and 
VANGL2 transcripts have also been detected in cultured 
human podocytes [56]. In vivo, Vangl2 is expressed on the 
basal-lateral plasma membrane of cuboidal epithelial cells in 
comma- and S-shaped bodies and is later localized to the basal 
aspect of the podocyte when foot processes form at the capil- 
lary loop stage [57]. Vangl2 is then down-regulated in later de- 
velopment where mature podocytes express high levels of the 
slit diaphragm protein nephrin [57]. Using detailed immuno- 
gold techniques, Scrib has been specifically localized to the 
cell-cell contacts of immature podocytes in new-born rats 
whilst in adult animals it is localized to the basolateral side of 
the podocyte foot process [58]. Celsrl has also been detected 
in S-shaped bodies and podocytes of E18.5 kidneys [22]. 

To begin to investigate the functional role of PCP genes 
in glomeruli we examined E18.5 kidneys obtained from 
Vangl2 Lp/Lp mice and their wild-type littermates [22]. Glom- 
eruli from Vangl2 Lp/Lp fetuses were smaller containing fewer 
proliferating cells and less prominent capillary loops than 
wild-type littermates [22]. How Vangl2 may alter glomerular 
morphology is unclear. A possibility is that Vangl2 plays a role 
in a mitotic orientation in podocytes; however, to date there is 
no evidence that mitotic orientation or convergent extension 
occurs in podocyte development. Furthermore, the presence of 
primary cilia on podocytes is controversial with only one 
study showing that developing, but not mature rat podocytes 
are ciliated [59]. Some clues into the possible role of PCP pro- 
teins in podocytes have been obtained from studies using cul- 
tured cells and these experiments have indicated that PCP 
proteins may play a role in podocyte cytoskeletal organization. 
Babayeva et al. [56] activated PCP signalling by incubating po- 
docytes with conditioned media from cells overexpressing 
Wnt5a protein. This led to a rearrangement in the distribution 
of Daaml from a diffuse pattern in mock- stimulated podo- 
cytes to expression in aggregates along stress fibres in Wnt5a- 
stimulated cells [56]. Wnt5a exposure also led to changes in 
podocyte morphology with more stress fibres in each cell [56] 
and increased nephrin endocytosis mediated by clathrin and 
[3-arrestin [57], a manoeuvre which can lead to impairment of 
the glomerular slit diaphragm [60]. Loss of Vangl2 also has 
effects on podocyte biology: siRNA depletion of Vangl2 
reduces the number of cell projections, decreased actin stress 
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fibres and impaired cell motility [56]. Reduction of Vangl2 
also increased nephrin levels at the cell surface [57]. In 
Vangl2 Lp/Lp mice [22] we observed changes in the pattern of 
actin staining as assessed by phalloidin staining, but no alter- 
nations in nephrin; however, endocytosis or phosphorylation 
of this molecule was not examined. An alternative explanation 
for the glomerular phenotypes seen in Vangl2 Lp/Lp mice could 
be that PCP proteins affect other cells within the glomerulus. 
Recent studies have indicated that PCP may alter angiogenesis 
and endothelial cell proliferation [61] and this is an area that 
warrants investigation in the kidney glomerulus. 

Hartleben et al. [58] generated podocyte-specific Scrib 
knock-out mice using Cre-loxP technology and examined the 
glomerular ultrastructure using electron microscopy. Unlike 
the Vangl2 Lp Lp mice they observed no abnormalities in podo- 
cyte morphology, neither were there changes in albumin ex- 
cretion in mice up to 12 months of age [58]. In addition, the 
Scrib mouse mutant Circletail which is embryonically lethal by 
El 8. 5 also displayed no changes in podocyte morphology 
when examined by electron microscopy [58]. The simplest ex- 
planation for the lack of phenotype in mice with a deficiency 
in Scrib is that not all of the PCP components are critical for 
glomerular function. Therefore, further site-specific knock-out 
studies are required for the PCP proteins VangU and Celsrl to 
establish whether they have a specific role in glomerular 
biology. Another important consideration may be genetic 
background: the podocyte-specific Scrib mice were bred to a 
C57BL/6 [58] background which has been shown to be resist- 
ant to renal damage [33] and hence may mask any subtle 
kidney phenotypes. 



FUTURE PERSPECTIVES 

The above findings suggest that PCP signalling may play im- 
portant roles in renal development and disease (Figure 2), but 
there are still many questions which remain unanswered. In 
the developing kidney, it is unclear what mechanisms link 
defects in PCP proteins to abnormal ureteric bud branching 
and glomerular maturation. This needs to be addressed using 
renal site-specific knock-outs followed by detailed examin- 
ation of PCP functions including the cell cytoskeleton, migra- 
tion, ciliary function and mitotic orientation. A significant 
amount of work has now been done on several PCP genes 
such as VangU and Fat4, but many others in the pathway 
remain unexplored; these studies will considerably enhance 
our understanding of PCP in the kidney. The clinical import- 
ance of PCP warrants investigation in greater detail. First, 
defects in kidney development lead to congenital anomalies of 
the kidney and urinary tract (CAKUT) [17] and it would be of 
interest to examine whether mutations of PCP genes occur in 
these patients. A potentially interesting group of patients to 
examine could be those with neural tube defects who are born 
with CAKUT [62]. Given the fact that Vangl2 Lp/Lp mice have 
defects in both the neural tube and kidney it could be specu- 
lated that mutations in VANGL2 or other PCP genes may 
account for the phenotypes seen in these patients. Secondly, as 
PCP genes appear to alter podocyte morphology which is a 
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FIGURE 2 : How could defects in PCP processes lead to end-stage 
renal disease? Defects in PCP processes lead to impaired branching 
and elongation of the ureteric bud and the formation of immature 
glomeruli. These changes could subsequently lead to reduced 
nephron number leading to albuminuria, increased blood pressure 
and hyperfiltration subsequently causing end-stage renal disease. In 
addition, distortions in mitotic orientation may directly cause PKD, 
the leading inherited cause of end-stage renal disease. 

key event in the progression of glomerular disease [55], it 
could be postulated that PCP proteins could be modulated in 
these conditions. Therefore, it would be of interest to examine 
PCP proteins in animal models of glomerular disease and 
human biopsy samples. Further studies could also investigate 
whether glomerular disease progression could be altered in 
mice lacking PCP genes. Finally, another area of study may be 
other situations where tubular shape is altered for example the 
dilatation that occurs in acute tubular necrosis [63]. A study 
by Li et al. [64] examined the role of processes in which PCP 
signalling has been implicated in dilated tubules caused by 
urinary tract obstruction in mice. They demonstrated that or- 
ientated cell division is disrupted in urinary tract obstruction 
which was accompanied by altered Fz3 expression [64] . Inter- 
estingly, once the tubules had recovered, orientated cell div- 
ision was returned to normal raising the possibility that 
manipulation of PCP signalling may repair damaged tubules. 
Therefore, a future challenge could be to determine if modula- 
tion of PCP signalling can restore tubular damage in renal 
disease; this may be achieved through modification of Wnt 
pathways [56]. 
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